Introduction
Conducting polymers have received considerable attention due to their versatile promising technological applications, 1 such as conductivity, electroactivity, switchable and tunable semiconductivity, solar conversion, and energy storage capabilities. 2, 3 Carbazole-based polymers have received much attention in recent years due to their interesting thermal, 4,5 electrical, 6 and photophysical properties.
carbazole (C LF = 564.1 µ F cm −2 ) , 13 5-(3,6-di(thiophene-2-yl)-9H -carbazole-9-yl) pentane-1-amine (C LF = 5.07 µ F cm −2 ), 14 9-tosyl-9H -carbazole (C LF = 50.0 mF cm −2 ), 15 6-(3,6-di(thiophene-2-yl)-9H -carbazole-9-yl)-hexanoic acid (C LF = 5.2 mF cm −2 ), 16 . 18 This novel polymer has a higher low frequency capacitance value (C LF =∼53.1 mF cm −2 ) than those previously obtained.
This article describes a novel method for synthesis and characterization of methyl 4-((9H-(carbazole-9-carbanothioylthio) benzoate (MCzCTB) by FTIR, 1 H NMR, and 13 C NMR spectroscopy. EIS was used to evaluate the capacitive performance of P(MCzCTB)/GCE in different initial monomer concentrations ([MCzCTB] 0 = 1, 3, 5, and 10 mM) in 0.1 NaClO 4 /CH 3 CN and 1 M H 2 SO 4 solution. P(MCzCTB)/MWCNT was synthesized in monomer-free solution of 1 M H 2 SO 4 at different scan rates by cyclic voltammetry (CV). The aim was to calculate the specific capacitance of nanocomposite material in different initial monomer concentrations of 1, 3, 5, and 10 mM.
Results and discussion

Synthesis of MCzCTB
A suspension of NaOH (30 mmol) in dimethylsulfoxide (150 mmol) was prepared in a beaker. Afterwards, carbazole (29.9 mmol) was added under vigorous stirring for 2 h at room temperature. Carbondisulfide (30 mmol) was added dropwise into this mixture, and the resultant reddish solution was stirred for 4 h at room temperature, followed by slow addition of methyl 4-iodobenzoate (30 mmol) in DMSO. The final mixture was stirred for hours. The resultant reaction mixture was poured into a large amount of water and a yellow solid was obtained by filtration. The crude product was purified by silica gel chromatography and crystallized from diethyl ether. The resultant mass (3.7 g) was obtained in a yield of 58% and at a melting point at 214
• C and molecular weight of 391.48 g/mol, with a retention value of R f : 0.55 in CH 2 Cl 2 . The formation mechanism of MCzCTB 19 is given in Figure 1 . 
Characterization of MCzCTB
The FTIR spectrum of MCzCTB had characteristic peaks given in the following data. FT-IR analysis (potassium The N-H peak between 3000 and 3500 cm −1 is not observed in the FTIR spectrum. It proves the existence of the CS 2 group in the carbazole structure ( Figure 2 ). 
Electropolymerization of MCzCTB
CVs of MCzCTB electrochemically deposited on a GCE in 0.1 M NaClO 4 /acetonitrile (CH 3 CN) at different initial monomer concentrations (1, 3, 5, and 10 mM) are given in Figures 3a-3d . The anodic and cathodic peak potentials were affected by the change in the initial monomer concentrations. During the first anodic scan an irreversible anodic peak at ∼1.3 V is observed, attributed to the radical cation formation. The two new peaks observed in the second scan (quasi-reversible peaks) correspond to the oxidation/reduction of short chain oligomers. After the third scan, the formation of the polymer film was obtained on the electrode surface. Thus, the lowest anodic and cathodic peak potential difference ( ∆ E) was obtained in the initial monomer concentration 
FTIR-ATR measurements
P(MCzCTB)/carbon fiber microelectrode (CFME) was analyzed by FTIR-ATR. Figure 6 shows the corresponding spectra between 650 and 4000 cm −1 . There are sharp peaks of the monomer structure evident in the FTIR measurement. However, there are broad peaks for the polymer structure. Some peaks were also obtained for the monomer at 3415 cm 
SEM-EDX measurements
The morphology of the electrocoated P(MCzCTB) was investigated on a single carbon fiber microelectrode 
Electrochemical impedance spectroscopy study
Electrochemical impedance is a function of alternating current frequency signal. It is generally represented as
The film is considered a porous medium. 27, 28 Physically, it represents a porous membrane that includes a matrix formed by the conducting polymer with the pores filled with an electrolyte. The P(MCzCTB)/GCE modified electrodes with an initial monomer concentration of [MCzCTB] 0 = 1 mM had the lowest conductivity according to the admittance plot, as shown in Figure 11 . However, they had the highest resistance since the Z' axis exhibited the features of a pure resistor while the Z" exhibited pure capacitive behavior.
31 Additionally, the admittance plot supported the observations deduced from the Nyquist plots. Table 2 . Figure 12 . 
Experimental
Materials and instrumentation
Carbazole ( >95%), carbondisulfide, methyl 4-iodobenzoate, NaOH, and dimethylsulfoxide were purchased from Sigma-Aldrich (Steinheim, Germany) and used without further purification. Silica gel (60 F254) was purchased I + and I − are the maximum currents in the positive and negative voltage scans, respectively; ϑ is the scan rate; m is the mass of the composite materials.
Preparation of the CFMEs
High strength (HS) carbon fibers C 320.000 (CA) single filaments in roving were used as the working electrodes.
All of the electrodes were prepared using a 3-cm-long bundle of the CFME (with average diameter of around 7 µ m) attached to a copper wire with Teflon tape. The number of carbon fibers in the bundle was about 10. One centimeter of the CFME was dipped into 0.1 M NaClO 4 /CH 3 CN and monomer solution to keep the electrode area constant (0.022 cm 2 ) and the rest of the electrode was covered with Teflon tape. The CFMEs were first cleaned with acetone and then dried with an air-dryer before the experiments. 
